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The introduction of more effective anti-bacterial agents has stimulated re-
newed interest in the bacterial flora of normal and infected skin. Because such
agents have varying degrees of effectiveness in inhibiting the growth of the vari-
ous bacteria concerned, careful bacteriologic study of the skin is often a useful
procedure in the management of pyoderma, particularly in patients whose infec-
tions have not shown a prompt initial response to treatment. If culture of the
skin is done, it is important that a method or methods be employed which will re-
veal the presence of all bacteria in the superficial layers of the skin. Methods
which do not lead to prompt identification of possible pathogenic organisms are
obviously inefficient and may yield errors in the classification and treatment of
the skin disease under study.
A study of various methods of obtaining material from the skin for bacterial
culture was therefore undertaken. In addition to certain standard methods of
culture, a special method devised by one of us (DMP) with G. Soffe was em-
ployed. A statistical interpretation of the comparative incidence of recovery of
various groups of micro-organisms from both normal and abnormal skin, forms
the basis for the conclusions. It is not within the scope of this paper to discuss
the various special bacteriologic procedures which may be necessary to identify
organisms which are not encountered frequently, e.g. C. diphtheriae.
The obtaining of suitable material for bacterial culture is ordinarily accom-
plished easily from lesions which are frankly purulent, especially if new beginning
lesions are selected for culture. In skin lesions in which the evidences of infec-
tion are minimal, or are obscured by dermatitic changes, or crusting, or the re-
sults of the application of coagulant chemicals, strains of bacteria of etiologic fin-
portance may escape detection, and such cases were employed in this study.
Aside from the method of obtaining material, the initial planting of such material
on suitable media is of great importance. When the facilities of a bacteriologic
laboratory are at hand at the time the cultures are taken, various methods of
planting may be employed, but when cultures are taken in a clinic or office, it is
not convenient to use more than one or two simple techniques.
The following citations from the literature are indicative of the variety of
methods of obtaining material for culture in studies of the bacterial flora of nor-
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mal and of diseased skin. Jordan (1) used a scalpel, a method which is of dem-
onstrated value in the performance of cultures for fungi. Colebrook (2) ob-
tained cultures by rubbing the skin vigorously with a large pledget of gauze or
cotton wool moistened with sterile broth; the pledget itself, or the broth squeezed
out of it, was then introduced into fluid culture medium. Price (3), although
interested primarily in a method of determining the total number of bacteria on
normal skin, demonstrated that the scrubbing technique employed in his experi-
ments was useful in qualitative bacterial studies. We have also found this
method of value in qualitative as well as quantitative bacterial studies of the
skin (4), but the method is too cumbersome for use in clinical practice. Gillespie
et al (5) obtained cultures from the normal skin by rubbing it approximately
twenty times with a swab moistened with broth. Hare (6), in a study of strepto-
cocci on the normal skin, rubbed the surface of the skin with a sterile throat swab
moistened with saline, or, in some instances, sterile pieces of lint immersed in
broth. The material was then transferred to nutrient media promptly.
Cruikshank (7), in a study of the bacteriology of impetigo contagiosa, first
removed the superficial crusts and obtained cultures from the apparent site of the
infection. DeWall (8) in a study of the types of hemolytic streptococci occurring
in scarlatina and other streptococcal infections, injected sterile saline into vesicles
with a hypodermic syringe, and then removed fluid for culture in the same way.
Williams (9) sampled the skin with a moist swab which was rubbed over an area
about 3 ems. in diameter for ten seconds. The swab was then inoculated on half
of a blood agar plate and in broth. The broth was then incubated for two days,
and sub-cultured on blood agar, which was then incubated anaerobically for one
day, and aerobically for 24 hours more.
METHODS
Cultures were made by the following methods in the present study.
Method I: Platinum spreader. The spreader consists of 15 gauge platinum
wire two inches in length, one end of which is bent at right angles one half inch
from the end, and hammered into a flat, smooth spreader. The wire is held in an
aluminum needle holder. The skin was scraped with moderate pressure about
fifty times, and the spreader was immediately used to inoculate the surface of two
human blood agar plates, one of which was incubated aerobically and the other
anaerobically. Beef infusion broth and agar having a pH of 7.4 were used
throughout the experiments.
Method II: Sterile cotton swab. Two cotton swabs were placed in a test-tube
and sterilized in a hot air oven at [80 degrees centigrade for two hours. Just
before use, 0.5 cc. of sterile broth was added to the tube under sterile precautions.
In obtaining material for culture, the two sterile cotton swabs, held together and
used as one, were brushed with moderate pressure over the skin. Human blood
agar plates in duplicate were immediately inoculated by spreading the inoculum
over the plate with a platinum spreader.
Method ha: The swabs used in Method II were replaced in the original tube,
and as soon as received in the laboratory each swab was placed in infusion broth.
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After aerobic incubation overnight, and 48 hours incubation anaerobically, sub-
cultures of the broth were made to blood agar.
Method III: Special Tube Method. A special Pyrex glass device designed by
Pillsbury and Soffe (10), was used. It consists of two parts fused together, one
a short wide tube 3.2 ems. high by 2.1 ems. wide inside measurements. There
are two horizontal handles on this part, each 1.0 cm. long, which enable the oper-
ator to hold the apparatus firmly against the skin. The second part consists of a
test-tube 11.5 ems. by 1.0 em. wide fused to the first tube through an opening at
an angle of 450, called the side arm. Five cc. of infusion broth were placed in the
side arm and the tube plugged with cotton. A fairly thick piece of cotton or
muslin was wrapped around the cup, and the device was autoclaved at 15 pounds
pressure for twenty minutes.
Material was obtained from the skin surface by means of a rubber bristle brush
in a brass holder 2.5" by 0.25", with a head " by " which holds the rubber
brush. The brush used was a rubber bristle complexion brush (about seven
bristles) fitted into a brass head (Fig. 1). The entire device was wrapped in
muslin and sterilized in the autoclave with the cup. The apparatus is small and
may be taken to the bedside easily.
In taking skin cultures the cup was handled in a sterile manner, and the end of
the cup opposite the spout applied to the area of the skin to be tested, held in
place by pressure against the handles at such an angle that the broth descended
from the side arm to the cup. The skin was scrubbed by rotating the rubber
FIG. 1. SPECIAL Cu AND RUBBER BRISTLE BRUSH USED IN OBTAINING CULTURES PROM
T SKIN IN METHOD III
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brush with a moderate amount of pressure. While still held in place against the
skin, the apparatus was carefully tilted so that the broth flowed back into the
side arm. The latter was plugged, and the cup covered with the cotton or muslin
cover and taken to the laboratory. If only aerobic cultures were desired, the cup
was incubated overnight and then subcultured to blood agar. When both aero-
bic and anaerobic studies were made, the sample was evenly distributed to two
beef infusion broth tubes and incubated overnight for the aerobic cultures, and
for 48 hours for the anaerobic cultures, before subculturing to blood agar.
Method lila: In order to compare direct culture results of this method with
those of the platinum spreader and the cotton swab, the brush used in Method
III was applied to blood agar plates immediately after scrubbing and the inocu-.
lum, which averaged approximately 0.1 cc. in amount was spread over the plate
with a platinum spreader.
The area selected for the study of the normal bacterial flora of the skin was the
arm. The subjects were non-dermatologic patients in the hospital ward, and
normal subjects. All the subjects had bathed within 24 hours prior to the time
that cultures were taken. In the study of infected skin, the area selected varied
depending on the site of the infection. If the skin was encrusted, the crust was
carefully turned back with a sterile dissecting knife and the area beneath was
cultured.
BACTERIOLOGIC METHODS
The bacteria were arranged in accordance with Bergey's classification. Genus
classification was determined by the appearance of the colony on blood agar both
with the naked eye and colony microscope. The luxuriance of the growth, the
morphology, the Gram stain, and the presence or absence of spores were also
employed as criteria. In addition, the species were studied by the production of
chemical change in the culture media. The streptococci were subcultured and
the pure culture replated on blood agar in order to determine the type.
RESULTS
The normal skins of ten patients and the infected skins of ten patients were
studied by the five methods outlined above. The frequency with which various
micro-organisms were cultured aerobically and anaerobically by each of the
methods from the ten cases with normal skin is recorded in Table 1. In addition
to the normal subjects and patients on whom five methods of obtaining cultures
were used, Methods I and II were employed in 15 additional patients.
Normal Skin
Seven groups of micro-organisms were isolated from the normal skin, namely,
Staphylococcus (hemolytic), Streptococcus, Micrococcus, Sarcina, Corynebac-
terium (diphtheroid), Gram negative bacillus of the intestinal group, and a Gram
positive spore-forming bacillus. It may be noted from Table 1 that the Micro-
coccus group has the highest incidence, both under aerobic and anaerobic condi-
tions. The Micrococcus non-pigmented-white and grey-white species make up
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the majority of the genus. A yellow-pigmented species was also noted, but was
less frequent.
TABLE I
FREQUENCY IN TEN NORMAL CASES FREQUENCY IN TEN INFECTED CASES
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2
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3
(1
4
5
0
0
14
19
4
2
3
3
1
1
1
1
3
2
12
9
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0
0
0
0
0
0
0
0
0
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1
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1
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of intestinal group
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0
0
0
0
0
0
0
0
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0
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0
0
1
1
1
1
0
0
2
2
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Aer.
Anaer.
2
2
1
4
8
5
8
7
1
4
20
22
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0
0
0
4
2
2
3
0
0
6
5
Summation Aer.
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22
17
18
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19
19
10
10
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24
20
20
18
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22
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21
20
14
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04
Method I—Material obtained by scraping surface of skin with platinum spreader, and
immediately inoculating in duplicate on human blood agar.
b Method Il—Material obtained by rubbing the skin with sterile cotton applicators
moistened with sterile broth, and immediately inoculating in duplicate on human blood
agar.
o Method ha—The cotton applicators used in Method II were placed in broth which
was incubated overnight aerobically and for 48 hours anaerobically.
d Method Ill—Broth obtained from special cup was inoculated in duplicate on human
blood agar.
a Method lila—Rubber-bristled brush used in Method III was inoculated in duplicate
on human blood agar.
A Gram positive spore-forming bacillus was second in incidence. The initial
growth of the spore forming Gram positive bacillus in broth, particularly under
aerobic conditions, is rapid, and tends to overgrow other types of micro-organ-
isms. It was more frequent in primary aerobic and anaerobic broth cultures
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than by the direct plating method. Two types of spore forming bacilli were cul-
tivated which resembled the Bacillus subtiis and the Bacillus teres.
The following organisms were relatively low in order of incidence on normal
skin: Corynebacterium, Staphylococcus (hemolytic), Sarcina and Streptococcus.
The Corynebacterium bacteria were all of the diphtheroid type.
TABLE 2
Incidence of Hemolytic Staphylococcus
GROUPS NORSAL INPECTED
Aerobic Anaerobic Aerobic Anaerobic
S. aureus
S. albus
3/5O.06*
7/50—.14
2/38—.05
9/38—.24
7/50—.14
7/50—. 14
1/38—.03
8/38.-.21
16 Cases
30 Exam.
33/50—.66
15/50—.30
19/30—.63
9/30—.63
36/50—.72
16/50—.32
19/30—.63
9/30—.30
19 Cases
38 Exam.
S. aureus
S. albus
* The figure of the incidence of individual strains of bacteria is the ratio between the
number of times the particular organism was demonstrated, and the total number of cul-
tures performed.
Incidence of Streptococci
10 Cases
50 Exam.
10 Cases
50 Exam.
Alpha green 0 0 2/50— .04 3/50—.06
Beta hemo 0 0 2/SD—.04 2/50—.04
Gamma indiff 0 5/50—.10
16 Cases
8/50—.16 tO/50—.20
19 Cases
38 Exam.
0 1/38—.03
30 Exam.
1/30—.03 2/30—.07Alpha
Beta 0 0 10/30—.33 13/30—43
Gamma 1/38—03 1/38—.03 11/30—.36 12/30—.40
Three types of Staphylococci (hemolytic) were cultivated. There was one
with an orange pigment, Staphylococcus aureus, and two non-pigmented which
were the species, Staphylococcus albus and Staphylococcus epidermid.is. The
Sarcina were the species Sarcina lutea. No Streptococci were cultivated in the
aerobic study. Those cultivated under anaerobic conditions were of the gamma
types. No obligate anaerobes were identified.
Abnormal Skin
Of the ten cases with abnormal skin studied by the five methods all, with one
exception, were of chronic type with a duration of from four months to twenty
years. In so far as possible, adjoining areas were cultured by all five methods.
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The bacterial incidence is presented in summary in Tables 1, 2 and 3. The
same groups of micro-organisms as found on the normal skin were isolated from
abnormal skins and in addition, two other infrequent groups, the Gaffkya (tetra-
genus) and a Gram negative bacillus of the intestinal group (Escherich and Pro-
teus) were found. There was, moreover, a marked difference in the incidence of
some of the groups.
The incidence of Staphylococcus (hemolytic) and the Streptococcus group was
markedly increased in diseased as compared with normal skin. Micrococcus,
TABLE 3
Evaluation of methods
Average Incidence by Technique
Significant Difference of Incidence 0.68 (by analysis of variance)
Method I 2.53
Method II 2.40
Method ha 2.81
Method III 2.56
Method lila 1.68
Average Incidence of Micro-organisms
Significant Difference in Incidence of Types of Micro-organism 1.68 (by analysis of
variance.
NORMAL INPRCTEO
TOTAL
Aerobic Anaerobic Aerobic Anaerobic
5.65
1.5
5.5
Staphylococcus
Streptococcus
Micrococcus
2.0
0.0
6.8
2.0
1.2
7.0
9.4
2.0
5.4
9.8
2.6
2.6
Sarcin 1.6 0.6 0.2 0.2 0.7
Corynebacterium
Gaffkya
Gram negative bacillus of intestinal
Group
Gram positive bacillus of Spore forming
type
2.8
0.0
0.0
4.0
2.8
0.0
0.0
4.4
2.4
0.6
0.4
1.2
1.8
0.0
0.4
1.0
2.7
0.2
0.2
2.7
Sarcina and Gram positive bacillus were slightly lower in incidence. No signifi-
cant difference in incidence was noted in the relationship of other groups of micro-
organisms.
Comparison of the Staphylococcus (hemolytic) cultivated from the normal an ci
infected skin is made in Table 2. The incidence of Staphylococcus (hemolytic)
obtained from the infected skin was four times as great as that cultivated from
the normal skin. The Staphylococcus aureus was especially frequent on abnor-
mal skin.
In the flora of abnormal skin three types of Streptococci were cultivated. Al-
though the incidence of Streptococcus is higher than on the normal skin, the pro-
portion to the entire flora is still relatively low. Gamma Streptococci were the
most frequent, being four times as numerous as either alpha or beta streptococci.
No hemolytic streptococci were recovered from the skin of normal subjects.
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At an earlier date, studies were made by two of the methods, the direct plati-
num spreader and the cup method (Methods I and III). Exactly the same tech-
nique was used as in the study of the 20 shown in Table 1. Nineteen normal
cases and sixteen with infected skin were studied.
In the normal cases it will be noted that the groups of bacteria cultivated and
the proportionate incidence are approximately the same for the earlier and later
groups. There was a slight significant difference in the incidence of diphtheroid
and the Gram positive spore forming bacillus under anaerobic conditions.
In the infected cases, Staphylococcus and Streptococcus and the diphtheroid
bacillus showed a variable incidence aerobically and anaerobically between the
two groups.
The incidence of the species of Staphylococcus was not significantly different
in either of the two studies. In two groups of cases with infected skin the Strep-
tococci showed a significant difference in incidence of the beta and gamma types.
Where there was an increase in incidence of Streptococci, particularly of the beta
type, there was a corresponding decrease in the incidence of the staphylococcus
aureus.
Table 3 gives an evaluation of the methods used and shows the average inci-
dence by technique and the average incidence of micro-organisms.t
SUMMARY
Regardless of the particular method used for obtaining material for bacteri-
ologic studies from the skin, it is of the greatest importance that such materiai be
handled in a manner which does not allow drying before planting upon suitable
media. This is a detail of technique which is frequently not observed in clinical
practice. In addition, if a cotton swab is used, moistening of it with broth or,
less preferably, sterile physiologic saline solution, is highly advisable.
Statistical evaluation of the results obtained lead to the following conclusions;
(1) in general, Method ha (cotton swab placed in broth and incubated) and
Method III (broth from special cup inoculated directly on human blood agar)
gave the highest incidence of bacteria recovered. However, with some micro-
organisms, namely, Micrococcus and Sarcina, the material obtained by a plati-
num spreader or cotton swab and transferred directly to human blood agar gave a
higher incidence of identification of bacteria.
The bacterial flora of normal skin is relatively stable in the same individual,
though considerable variations in incidence of particular strains are noted in
different individuals. In skin which is not normal, whether or not there is
marked gross evidence of infection, or even if the changes are due to dermatitis,
psoriasis, Darier's disease, or other acute or chronic dermatoses, there is always a
very marked change from the bacterial flora of normal skin, and a marked varia-
tion from case to case.
The routine use of anaerobic culture methods is essential in bacterial studies of
the skin, if organisms of possible pathogenic importance are to be demonstrated
in the highest incidence possible.
'We are indebted to Dr. J. H. Austin, Director of the Pepper Laboratory of the IJniver-
sity Hospital for evaluating the results statistically.
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Obtaining of cultures from the skin surface by the use of sterile cotton swabs
moistened with broth (Method ha) and immediately placed in a tube containing
infusion broth which is then incubated aerobically overnight is a practical and
satisfactory method of performing such cultures. Immediate planting of mate-.
na! removed from the skin on blood agar plates is not essential. In taking cul-
tures from skin on which the evidences of bacterial infection are not marked, and
from which purulent or seropurulent material is not obtainable, it is of importance
that the pressure used on the skin and the time of rubbing with the cotton swabs
be sufficient to insure the obtaining of enough representative material for culture.
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